In this study, strain BAPb.1 was isolated from lead mining area and used as an adsorbent to remove lead(II) ions from aqueous solution. The physicochemical characteristics, heavy metal resistance and antibiotic sensitivity of strain BAPb.1 were investigated. Biosorption capacity was evaluated by batch biosorption experiments, and isothermal characteristics were discussed. Atomic force microscopy (AFM), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX) and Fourier transform infrared spectrometry (FTIR) were conducted to explore the mechanism for lead(II) adsorption. Based on morphological and physiological characteristics as well as the phylogenetic analysis of 16S rDNA sequences, strain BAPb.1 was identified as a member of the genus Alcaligenes. It exhibited high resistances to multiple heavy metals such as lead(II), copper(II), zinc(II), nickel(II) and chromium(VI), and to antibiotics such as kanamycin, ampicillin, streptomycin, chloramphenicol, and tetracycline. The optimum conditions for maximum biosorption rate of 85.2% and maximum capacity of 56.8 mg g -1 were found at pH of 5, adsorbent dosage of 1.5 g L -1 (dry weight), initial lead(II) concentration of 100 mg L -1 , and contact time of 30 min at 30°C. Biosorption isotherms were well fitted with Langmuir isotherm model. Mechanism analysis reveals that the lead(II) ions may exchange with sodium and potassium ions, and the hydroxyl, carbonyl and phosphate groups on the cell surface can chelate the lead(II) ions, therefore, surface adsorption play significant role in the biosorption process.
Introduction
The water discharged or leached from the mining areas is often polluted by heavy metals, which even at trace level is harmful to the health of human beings and eco-system (Gupta et al. 1998; Khani et al. 2010; He and Chen 2014; Latha et al. 2015) . Lead (Pb) is a malleable and heavy posttransition metal generally applied in building construction, e-manufacturing, mining, lead-acid battery and so on (Gupta et al. 2011; Saleh et al. 2013) . China is the main production and consumption country of Pb with annual output near to 135 million tons and consumption rate of 80 million tons. Moreover, backward technology, outdated equipment and unawareness of environment protection for Chinese enterprise aggravate the Pb contamination in ecological environment. Pb generally enters into human body through inhalation, ingestion, dermal contact, or transfer via the placenta. Acute and chronic exposure to Pb may cause anemia, liver and kidney disease, as well as central and peripheral nervous system damage (Ö zcan et al. 2009; Zhu et al. 2014) . Young children are most vulnerable to Pb contamination, resulting in stunted growth and elevated blood Pb levels (BLLs) (Puyen et al. 2012) .
In China, the threshold limit of Pb-containing liquid from sewage and industrial effluents has been set to 1.0 mg L -1 (Environmental Quality Standard for Surface Water of China, GB8978-1996) , but wastewater without efficient handling is hard to achieve the discharge standard. Many techniques such as ionic exchange, membrane separation and activated carbon adsorption are taken to remove lead ions from aqueous waste to ensure environmental safety, but these measures commonly require special equipment and rigorous experimental condition (Congeevaram et al. 2007) . Biosorption process utilizes various natural materials possessing metal sequestering properties, which decrease the concentration of heavy metal ions in solution from ppm to ppb level. Furthermore, the biosorbents are readily available biomass from nature and have more distinct advantages, such as low cost and high adaptability to small-scale industries (Ucuna et al. 2009; Gupta and Nayak 2012) . Three commercial biologicals including Chlorella vulgaris, Bacillus sp. and yeast have been exploited for heavy metal treatment by B.V.SORBEX Inc. Visa Tech Ltd. and US Bureau of Mines, respectively (Gabr et al. 2008) . Currently more and more bacterial biomaterials have been applied in heavy metal removal (Huang et al. 2013) . The functional groups (amino, hydroxyl, carboxyl and sulfate) of polysaccharides, proteins and lipids on their cell walls can act as binding sites to attract and combine metals (Ng et al. 2009 ).
In the light of above facts, the present study aims to screen out a bacterial isolate from the lead mining area which can sustain high concentration of lead(II), and study its biosorption characteristics under various conditions, and reveal its possible mechanism by Atomic force microscopy (AFM), energy dispersive X-ray spectroscopy (EDX), Fourier transform infrared spectrometry (FTIR) techniques. These studies confirm the feasibility of the bacterium for the removal of toxic heavy metal lead(II) from wastewaters.
Materials and methods

Isolation and identification of lead resistant bacterium
To obtain the lead resistant bacterium, 100 g soil samples were collected from ten randomly selected sampling points (each point 10 g) in a Pb mine (Pb concentration was 2.0-3.5 g kg -1 ) in Heilongjiang Province, China. One gram of soil was homogenized with 100 mL of sterile distilled water, and this soil suspension was serially diluted until a dilution of 10 -5 . Luria-Bertani (LB) agar medium contained serial concentrations (200-1000 mg L -1 ) of lead(II) [as Pb(NO 3 ) 2 ] were applied to select lead resistant bacterium. 0.2 mL of soil suspension (10 -5 ) was plated on these LB agar plates using standard plate dilution method (Sheng et al. 2008) . Agar plates were incubated at 30°C for 3-4 days. Single colonies were picked and streaked onto a new LB agar plate for three times to obtain the pure isolates. The preliminary morphological, biochemical, and physiological characterizations of the pure isolates have been carried out according to the methods of Dong and Cai (2001) , the 16S rDNA sequence analysis was referred to the method of Batta et al. (2013) .
Heavy metal resistance and antibiotic sensitivity
The bacterial isolate was studied for its resistance to heavy metals and sensitivity to antibiotics. The exponential phase culture of bacterial isolate was inoculated aseptically on LB agar medium supplemented with heavy metals such as lead(II), copper(II), zinc(II), nickel(II), and chromium(VI). The metal salts used were Pb(NO 3 ) 2 , CuSO 4 , ZnCl 2 , NiCl 2, and K 2 Cr 2 O 7 (Analytical reagent, Kermel, Tianjin, China) at concentrations ranging from 100 to 1200 mg L -1 . The growth was observed after 24-h incubation up to 48 h at 30°C. Susceptibility to different antibiotics (kanamycin, ampicillin, streptomycin, chloramphenicol, and tetracycline) at a concentration ranging from 10 to 50 lg mL -1 was determined by agar disk diffusion method. The bacterial isolate was classified as resistant or susceptible by examining the zone of inhibition on the lawn of bacterial culture after incubated for 24 h at 30°C (Tripathi et al. 2011 ).
Preparation of biosorbent and lead(II) solution
The lead resistant strain was inoculated into sterile LB liquid medium and cultivated in a thermostatic shaker at 30°C. The live cells were harvested at late exponential phase by centrifugation at 8000 rpm for 10 min, then washed with phosphate buffered saline (PBS) and deionized water. The cells were frozen dried and ground into powder using mortar and pestle. This dead and powdered biomass was stored in a desiccator for the biosorption experiments.
The standard stock solution of lead(II) of 5 g L -1 was prepared by dissolving a certain amount of Pb(NO 3 ) 2 in deionized water. The stock solution was further diluted to the required concentrations before use.
Batch biosorption experiments
Batch biosorption experiments were carried out as functions of pH, initial lead ion concentration, biosorbent dosage, and contact time in 250 mL Erlenmeyer flasks in a thermostatic shaker. The flasks were agitated with a rotational speed of 160 rpm at 30°C, and the pH value was adjusted with 0.5 M HCl or 0.5 M NaOH solution. The influences of initial lead(II) concentration (10-150 mg L -1 ), pH (3-7), biosorbent dosage (0.5-4.0 g L -1 ), temperature (22-40°C) and contact time (5-50 min) were evaluated.
After the solution was centrifuged and filtered, lead(II) concentration of the supernatant was determined by atomic absorption spectrophotometer (AAS) (AA-6800, Shimadzu-GL, Japan). The experiments were conducted in triplicate and the mean values were calculated. Finally, the Q (biosorption rate, %) and the q (adsorption capacity, mg g -1 ) were calculated using Eqs. (1) and (2), respectively,
where, C 0 and C are the initial and final concentrations of lead(II) (mg L -1 ). The V and M are the volume of solution (mL) and the weight of adsorbent (g), respectively. The Langmuir and Freundlich isotherm models were carried out by conducting biosorption experiments with different initial lead(II) concentrations (Freundlich 1906; Langmuir 1918) . The experimental data conformed to the linear form of Langmuir and Freundlich model expressed as the following Eqs. (3) or (4), respectively,
where, q m and K L are Langmuir constants related to biosorption capacity (mg g -1 ) and the energy of adsorption (L mg -1 ); C e is equilibrium concentration of the metal (mg L -1 ) and q e is the amount of the metals (mg) adsorbed by BAPb.1; (g) K F and 1/n are Freundlich constants which are related to the maximum adsorption capacity and adsorption intensity, respectively.
Biosorption mechanism
AFM analysis
To obtain complementary information, whole cells were examined by Nanoscope IIIa atomic force microscope (AFM) (Digital Instruments, Santa Barbara, CA, USA). Both Pb-loaded and Pb-unloaded cells were collected by centrifugation, lightly rinsed in a sterile PBS solution and sterile deionized water, and then the specimens were transferred to glass slides and examined in air by AFM.
SEM-EDX analysis
The surface morphology of the strain BAPb.1 before and after lead(II) biosorption was characterized using a scanning electron microscope (SEM) (QuANTA200 model, FEI, USA). The elements were analyzed by an energy dispersive X-ray analysis system (EDX) (QuANTA200 model, FEI, USA). Prior to analysis, the samples were coated with a thin layer of gold under an argon atmosphere to improve electron conductivity and image quality.
FTIR analysis
Spectral analysis of the strain BAPb.1 (before and after biosorption) was done using an FTIR spectrometer (Alpha, Bruker, Germany) in the region of 4000-400 cm -1 . The biosorbents were pressed into spectroscopic-quality KBr pellets with a sample/KBr ratio of 1/150 and scanned for functional groups on cell surface.
Results and discussion
Characteristics of the strain
The culture grew well in 1000 mg L -1 lead(II) LB agar plate was isolated and designated as BAPb.1. The strain BAPb.1 is an aerobic, short rod shaped, flagella peritrichous (Fig. 1) , and gram-negative bacteria. Colonies on LB solid plates were milky white to yellow in color, spherical, shiny, smooth, raised, and mucoid. The strain BAPb.1 grew evenly in LB liquid medium, forming biofilm on the top and sticky precipitate at the bottom. When grew on beef extract peptone agar medium and carbohydrates agar medium, most of the colonies appeared small irregular Fig. 1 The transmission electron microscope (TEM) graph of BAPb.1 margin, and produced ammonia, raising the pH value. Physicochemical characteristics of the strain were showed as follows: (?) citrate, (?) indole test, (?) methyl red, (?) gelatin liquefaction, (?) Vopes-Prokauer (V-P), and (-) D-mannose (Fig. 2) . The 16S rRNA gene of the strain BAPb.1 was cloned with the following PCR primer pairs: 16 F (5 0 -AGAGTTTGATCCTGGCTCAG-3 0 ) and 16R (5 0 -GGTTACCTTGTTACGACTT-3 0 ). The reaction conditions were 94°C for 5 min, 94°C for 1 min, 58°C for 45 s, 72°C for 1 min, 30 cycles, and 72°C for 10 min. The PCR products were sequenced by the BGI Biotechnology Company (Beijing) and the obtained sequence was deposited in GenBank under accession number of KC337149. Based on multiple sequence alignment done by ClustalW and phylogenetic analysis by MEGA 5 (Fig. 3) , strain BAPb.1 was found to have a close relationship with Alcaligenes sp. thus, it was identified as a species belonging to the genus Alcaligenes. Alcaligenes species were commonly found at polluted sites with chemical or metal resistance such as strain Achromobacter sp. AO22(EU696789)with a lead and copper tolerance (Ng et al. 2009 ) and BEN-4 (AY027504) with an arsenite-oxidizing capacity (Liu et al. 2012) .
Heavy metal resistance and antibiotic sensitivity
Alcaligenes sp. BAPb.1 could grow on the plates containing 1000 mg L -1 lead(II), 600 mg L -1 copper(II), 600 mg L -1 zinc(II), 400 mg L -1 nickel(II) and 400 mg L -1 chromium(VI), which suggested its broad resistance to heavy metals. On the other hand, the strain BAPb.1 also could flourish on the plates containing 25 lg mL -1 kanamycin, 20 lg mL -1 ampicillin, 30 lg mL -1 streptomycin, 20 lg mL -1 chloramphenicol and 20 lg mL -1 tetracycline. It has been reported that heavy metal resistance is likely to link with antibiotic resistance (Ren et al. 2015) . The results of resistant experiments indicate that Alcaligenes sp. BAPb.1 is more adaptable to environmental contamination, and this characteristic has also been found in Enterobacter, Aeromonas, Moraxella, Pseudomonas, and Bacillus (Souza et al. 2006; Akinbowale et al. 2007 ).
Batch biosorption experiments
Effect of initial lead(II) concentration
Initial metal concentration can affect the adsorption efficiency greatly (Saleh et al. 2013) . In this study, experiments were conducted firstly to investigate the effect of lead ion amount on biosorption. The initial lead(II) concentration was adjusted to the range of 10-150 mg L -1 under pH 5.5, contact temperature of 30°C, biosorbent dosage of 2 g L -1 and rotational speed of 160 rpm for 30 min. Figure 4a shows that the biosorption rate decreased from 97.8 to 65.8% with the initial lead(II) concentration increased from 10 to 150 mg L -1 . On the other hand, the biosorption capacity rapidly increased from 4.9 to 44.1 mg g -1 with the initial lead(II) concentration increased from 10 to 100 mg L -1 and then kept stable when the initial lead(II) concentration was over 100 mg L -1 . At lower concentrations, the ratio of the solute molecules to available surface sites was low, which resulted in higher biosorption rate and lower biosorption capacity. When the initial metal concentrations increased, the sites on biomass available for sorption became saturated gradually. It is necessary to identify the maximum saturation potential of a biosorbent, for which experiment should be conducted at the highest possible initial solute concentration (Vijayaraghavan and Yun 2008) . As shown in Fig. 4a , higher biosorption occurred at lead(II) concentration of 125 mg L -1 . To balance the biosorption capacity and the removal efficiency, the suitable initial lead(II) concentration was set as 100 mg L -1 under this condition, biosorption rate and biosorption capacity are 88.2% and 44.1 mg g -1 , respectively.
Effect of pH
To test the effect of pH on biosorption by Alcaligenes sp. BAPb.1, pH values were adjusted from 3 to 7, the initial lead(II) concentration was revised to 100 mg L -1 . It can be seen from Fig. 4b , the removal of lead(II) by BAPb.1 was strongly dependent on solution pH. Both the biosorption rate and biosorption capacity increased with pH ascending from 3 to 5, the maximum biosorption rate of 88.4% and biosorption capacity of 44.2 mg g -1 were obtained at pH 5. Then, both biosorption rate and biosorption capacity declined as the pH increased from 5 to 7.
At low pH (3-4), functional anionic active sites might protonate at the biosorbent surface, bringing about a large number of cationic groups in solution, which could restrict the biosorption process for lead(II) (Rodriguez et al. 2006 ). More carboxyl groups might dissociate from the biomass surface when the pH increased from 4 to 5.5, which enhanced ion exchange capacity of the biosorbent and improved the combination of lead ions with the anionic ligands (Hubbe et al. 2011 ). When the pH was higher than 7, the precipitation might occur, this process was related to insoluble metal hydroxide precipitation from the solution and should be avoided during sorption experiments to effectively distinguish between adsorption and precipitation (Onundi et al. 2010 ). Since the optimum pH of the biosorption process was about 5, the pH value was revised to 5 in the following experiments.
Effect of biosorbent dosage
The effect of the biosorbent dosage was investigated by varying the biosorbent amounts from 0.5 to 4.0 g L -1 . Figure 4c shows that the biosorption rate increased rapidly from 28 to 90% with the biosorbent dosage that increased from 0.5 to 2.0 g L -1 and then kept stable when the biosorbent dosage was over 2.5 g L -1 . However, the biosorption capacity remained at about 58 mg g -1 when the biosorbent dosage was below 1.5 g L -1 and then sharply decreased with increasing biosorbent dosage. In the condition of high biosorbent dosages, the available solute was insufficient to completely cover the available exchangeable sites on the biosorbent, typically resulting in low biosorption capacity. In addition, the aggregation or overlapping of biosorbent surface area and competition for available sorption sites for metal ions adversely impacted the biosorption efficiency (EI-Sayed 2013). This result is in good agreement with those obtained in other studies (Masoudzadeh et al. 2011; Khadivinia et al. 2014 ). Based on the aforementioned result, the suitable biosorbent dosage was 1.5 g L -1 .
Effect of reaction temperature
The experimental temperature ranging from 22 to 40°C was set to examine its effect on biosorption. Figure 4d illustrates that the biosorption rate and biosorption capacity increased from 65.6 to 86.3% and 43.7-57.5 mg g -1 , respectively, with the temperature rising from 22 to 30°C. However, the results obtained in the present study showed no significant difference in biosorption rate or capacity between the lowest and highest temperatures. Energy-independent mechanisms suggest that adsorption efficiency can hardly be affected by temperature, since this biosorption is physicochemical (electrostatic forces) process in nature (Khadivinia et al. 2014) . In our case, the biosorption is well performed at 30°C, which is taken as a cost-effective temperature for practice.
Effect of contact time
The effect of contact time (from 5 to 50 min) on the removal of lead ions by BAPb.1 is shown in Fig. 4e . The process was very fast in the initial 20 min, thereafter the process became slow and reached the equilibrium at 30 min. The biosorption capacity and removal rate reached 59.2 mg g -1 and 88.8% in equilibrium period, and then the amount of biosorbed lead ions did not significantly change with time. Generally, the fast process initially involved physical biosorption or ion exchange with the biomass surface and the slow biosorption process at the later stage involved micro-precipitation or complexation, primarily in the microporous structure Lan et al. 2014) . In this case, the amount of lead ion biosorption did not exhibit time-dependent pattern after 30 min. Therefore, the most suitable contact time was 30 min.
Biosorption isotherms
Langmuir and Freundlich isotherm models have been widely used for modeling adsorption data. Langmuir isotherm represents chemisorption and assumes a monolayer Fig. 3 Neighbor-joining tree showing the phylogenetic position of the isolate, Alcaligenes BAPb.1, based on the 16S rRNA gene sequence. The numbers at the nodes indicate the level of bootstrap support based on the neighborjoining analysis of 100 replicates. Accession numbers are given in parenthesis adsorption onto a surface containing a finite number of binding sites distributed homogeneously (Langmuir 1918) . The Freundlich isotherm is used for modeling a heterogeneous surface of the adsorbent, indicating physisorption occurred on the adsorbent surface (Freundlich 1906) . The adsorption pattern of lead(II) onto Alcaligenes sp. BAPb.1 was well fitted with the Langmuir and Freundlich models ( Fig. 5; Table 1 ) whose R 2 values were 0.992 and 0.987, respectively. Langmuir adsorption maximum, q max , was quite high with the value of 66.67 mg g -1 . The Langmuir equilibrium coefficient, K, was 0.0446 L mg -1 . Freundlich adsorption capacity, the value of k f was 3.1076 L g -1 . Moreover, the Freundlich coefficient (n) was 1.283 and R 2 was 0.987. The R 2 and q max values suggested that the Langmuir isotherm might be more suitable model for the data in this study because of the high coefficients of Fig. 4 Effect of physiochemical conditions on lead(II) biosorption. a lead(II) concentration, b pH, c biosorbent dosage, d temperature, e biosorption time determination, it was concluded that monolayer biosorption occurred at specifically homogeneous sites on the cell surface of Alcaligenes sp. BAPb.1 (Chergui et al. 2009 ).
The lead biosorption capacity of Alcaligenes sp. BAPb.1 and other bacteria reported was shown in Table 2 , it suggested that the adsorption capacity 66.7 mg g -1 of BAPb.1 is consistent with other bacteria; however, the different surface structure, functional groups and specific surface area of different strains result in the difference in adsorption capacity.
Biosorption mechanism
AFM analysis
Atomic force microscope has widely been used in microbiological studies to obtain topographical images of individual bacterial cell. To evaluate the changes of surface roughness, depth and width before and after lead(II) adsorption, the two-dimensional and its corresponding three-dimensional topographic AFM images of strain BAPb.1 cells were probed and showed together with the sectional analysis in Fig. 6 .
The effect of lead ions on cell ultrastructure and surface morphology can be seen in Fig. 6 . Before lead(II) adsorption, the cell surface was relatively intact, smooth, homogeneous, and the sectional depth of three random points was 76.6-77.3 nm (Fig. 6a ), while after lead(II) adsorption, the cell had a different pattern, some obviously collapse atrophy occurred in some areas of the cell, which led to a high degree of heterogeneity, the sectional depth of three random points was 134.9-179.1 nm (Fig. 6b) ; the bonding of lead(II) with polysaccharide, protein and amide existed in exopolysaccharide (EPS) contributed to the increased thickness of the cell surface (Zhang et al. 2007 ). The results proved that lead(II) adsorption by strain BAPb.1 involved surface adsorption and micro-precipitation. The irregular shape and topography of cell was mainly caused by the interactions between lead(II) and surface of biosorbent. Moreover, the morphological changes after lead(II) adsorption were partly attributed to the different interaction forces between the cell and substrate surfaces .
SEM-EDX analysis
Scanning electron microscope was used to illustrate the surface morphology of BAPb.1 before and after lead(II) biosorption. Figure 7a shows that the original cells remained intact, smooth, and closely connected with each other, providing a large surface area for biosorption. However, after contact with lead(II), the cells appeared to shrink and wrinkle, with the bright sections displayed due to the accumulation of lead (Fig. 7b) . The EDX analysis showed that the elemental composition of strain BAPb.1 significantly changed after lead(II) adsorption ( Fig. 8 ; Table 3 ). The atomic percentage of element Pb (at%) was 1.77, that of C, N and O (at%) decreased, respectively, from 62.00 to 61.57, 20.7 to 19.13 and 14.19 to 13.17 , while that of P increased from 2.57 to 4.11 after lead(II) uptake. The results showed that lead(II) adsorption could covalently bond with C-, N-, O-and P-containing functional groups. As previously reported, the functional groups (carboxylate, hydroxyl, amino and phosphate) on bacterial cell surface were responsible for lead(II) adsorption (Monteiro et al. 2011; Sedighi et al. 2012 ). Thus, it was rational to speculate that adsorption of lead(II) by strain BAPb.1 mostly occurred on the cell surface. Moreover, atomic percentage of Na and K decreased, respectively, from 0.25 to 0.13 and 0.30 to 0.12 after contact with Pb, which revealed that Pb possibly exchanged with Na and K on the cell surface (Chojnacka et al. 2005; Kazy et al. 2006) .
FTIR analysis
It is essential to identify the functional groups on the biomass involved in adsorbing process with FTIR, which is helpful to understand the surface-bonding mechanism. FTIR spectrum in and without the presence of lead(II) revealed significant differences in the absorption peaks of functional groups (Fig. 9a, b) . FTIR spectrum revealed the peaks of hydroxyl groups shifting from 3307.08 to 3305.09 cm -1 , at the same time the peak intensity increased and the peak width sharpened, indicating the formation of more -OH complexation; anti-symmetric stretching peak of -CH 2 shifted from 2926.06 to 2925.20 cm -1 by interaction with lead(II); symmetric stretching peak of C=O migrated from 1653.56 to 1653.85 cm -1 with the peak intensity decrease; amide C-N peak shifted from 1238.54 to 1233.69 cm -1 and tended to be weakend; organic phosphate anti-symmetric stretching peak of P-O-C shifted from 1057.30 to 1054.22 cm -1 ; C-S peak around 699 cm -1 now tended to be enhanced; NH-stretching around 1540 cm -1 was found to be responsible for lead(II) Fig. 8 EDX spectrum of BAPb.1 before (a) and after (b) adsorbing lead (II) and copper(II) bonding, while the C-O bond played an important role in lead(II) sorption (Pavasant et al. 2006) . Moreover, some reports stated that the presence of amino, carboxyl, hydroxyl and carbonyl groups on the surface of the green algae Spirogyra, Pseudomonas aeruginosa ASU 6, Enterobacter cloacae strain P, which could be accountable for the bonding of lead (Tunali et al. 2006; Gupta and Rastogi 2008; Naik et al. 2012) . These phenomena highlighted the fact that the hydroxyl, amino, amide, carbonyl, and phosphate groups were the available functional groups on Alcaligenes sp. BAPb.1 cell surface associated with lead(II) biosorption.
Conclusions
The strain BAPb.1 showed high resistance to lead(II), copper(II), zinc(II), nickel(II), chromium(VI), kanamycin, ampicillin, streptomycin, chloramphenicol, and tetracycline. Under the optimum biosorption conditions, the maximum biosorption rate and capacity were 85.2% and 56.8 mg g -1 . Equilibrium adsorption of the lead(II) by BAPb.1 biomass was well described by the Langmuir isotherm model. The biosorption mechanism includes ionic exchange interactions and complexation stages. This study reveals that the strain BAPb.1 can serve as a potential biotechnological agent to bioremediate lead contaminated waters. 
